Electrophysiological Study, Mapping and Ablation
The ablation procedure was performed in the fasting state under sedation. All antiarrhythmic drugs, with the exception of amiodarone, were discontinued for at least 5 half-lives prior. We used the technique of circumferential pulmonary vein ablation guided by 3-D left atrial mapping, which has been described previously in detail. 15 Briefly, the left atrium was explored using a trans-septal approach and the geometry was reconstructed with a 3.5 mm tip ablation catheter (Navi-Star Thermo-Cool™, Biosense-Webster Inc, Diamond Bar, CA, USA) in the CARTO system. A continuous irrigated radiofrequency ablation was performed along each pulmonary vein's antrum in order to encircle the ipsilateral pulmonary veins (target temperature: 45°, maximum power: 35 W, infusion rate: 17 ml/min). Procedural endpoints were completeness of the continuous circular lesions and electrical isolation of all pulmonary veins identified by a decapolar circumferential mapping catheter (BiosenseWebster Inc). Linear lesions (eg, roof line and mitral isthmus line), the coronary sinus and complex fractional atrial electrograms were targeted, most commonly in patients with nonparoxysmal AF as described previously in detail. 7 If typical atrial flutter had been documented before the procedure, the cavotricuspid isthmus was ablated to achieve a bidirectional conduction block. According to the ablative strategy, the patients were grouped into the pulmonary vein isolation (PVI) alone arm or the PVI + substrate modification (SM) arm, which included additional linear lesion and complex fractional atrial electrograms.
Postablation Management and Follow-up
After the procedure, all patients received antiarrhythmic drugs if there were no contraindications or intolerance (either a maintenance dose of 200 mg amiodarone orally per day or 150 mg propafenone orally 3 times daily, or 80 mg sotalol orally twice daily). If recurrent atrial tachyarrhythmia did not occur after 2 or 3 months the drug treatment was discontinued.
All patients were followed up with 12-lead electrocardiogram (ECG) and 24-h Holter recordings before discharge, at 1, 3, 6 and 12 months after the ablative procedure and every 6 months subsequently beyond 12 months. If the patient was symptomatic, a new ECG or 24-h Holter recordings was obtained. Additionally, telephone interviews were conducted monthly with all patients by a physician and a trans-telephonic event recorder (Life care networks, Beijing, China) was used in some patients as needed. To avoid considering the very common early atrial tachyarrhythmia recurrences, recurrence was defined as confirmed atrial tachyarrhythmia (documented by ECG or Holter recording) more than 3 months after the index catheter ablation in the absence of any antiarrhythmic treatment. 16 
Statistical Analysis
All analyses were performed with SPSS software version 13.0 (Chicago, IL, USA). Continuous data are presented as mean ± standard deviation. Univariate analysis to assess the predictive value of clinical variables for AF recurrence was computed using the unpaired independent samples t-test for continuous variables and the chi-square test or Fisher's exact test, if necessary, for categorical variables. A Kaplan-Meier estimation with a log-rank test served for the unadjusted analysis of the impact of MetS and its 5 components on the recurrence of AF. Multivariate Cox proportional-hazards regression analysis was used to examine the risk of recurrence in the MetS group compared with the non-MetS group. We entered into the multivariate model the AF type, AF duration, left atrial diameter, and all the variables with a probability value <0.10 on the univariate analysis. All probability values were 2-sided and P<0.05 was considered significant.
Results

Clinical Characteristics of MetS and Non-MetS Patients
Among the 654 patients, 323 (49.4%) had MetS. The age, gender, AF type, AF duration, left ventricular ejection fraction, left ventricular end-diastolic diameter, structural heart disease (such as valvular heart disease, dilated or hypertrophic cardiomyopathy, coronary artery disease, and heart failure), antiarrhythmic medications or statins did not differ significantly between the 2 groups ( Table 1) . The patients with MetS had a moderately larger left atrial diameter, as well as a larger left ventricular end-systolic diameter. Following the definition of MetS, patients with MetS showed a significantly higher BMI, FBG, and TG, and lower level of HDL. Also, the prevalence of hypertension or BP ≥130/85 mmHg and of DM was significantly higher in patients with MetS than in those without MetS. The proportion of patients under angiotensin-converting enzyme inhibitor/angiotensin-receptor blocker therapy or fenofibrate medication was significantly higher in the patients with MetS. Statins and β-blockers did not differ between the MetS and non-MetS groups. The proportion of patients undergoing the PVI + SM ablative strategy did not differ between the MetS group and the non-MetS group (61.0% vs 59.5%). Figure 1 shows that MetS patients had a higher AF recurrence rate in comparison with non-MetS patients (43.7% vs 30.5%, P<0.001). There was a significantly higher incidence of AF recurrence in patients with BMI ≥25.0 kg/m 2 compared with those with BMI <25.0 kg/m 2 (41.5% vs 31.5%, P=0.009). As a continuous variable, BMI was significantly higher in the recurrence group than in the no recurrence group, with respective mean values of 25.8±3.4 kg/m 2 vs 25.2±3.5 kg/m 2 (P=0.028). Receiver-operating characteristic curve analysis was used to evaluate the efficiency of BMI as a continuous variable for predicting late recurrence and the area under the receiver-operating characteristic curve was 0.562. There were no significant differences in the recurrence rate between the high level of glucose (FBG ≥5.6 mmol/L or DM) arm and the normal level of glucose arm (43.5% vs 34.9%, P=0.060), the BP ≥130/85 mmHg or hypertension arm and the BP <130/85 mmHg arm (38.1% vs 35.7%, P=0.537), the TG ≥1.69 mmol/L arm and the TG <1.69 mmol/L arm (38.0% vs 36.3%, P=0.658), or the low level of HDL arm and the normal level of HDL arm (38.8% vs 32.8%, P=0.145). The AF recurrence rates were 24.5%, 29.3%, 33.8%, 45.1%, 39.4%, and 45.2%, respectively, in the patients with 0, 1, 2, 3, 4, and 5 components of MetS (P=0.002 for trend).
Relationship of MetS and Its Individual Components to AF Recurrence Rate
Univariate Predictors of AF Recurrence
After a mean follow-up of 470±323 (91-1,245) days, 242 patients (37.0%) experienced AF recurrence and of them, 141 had MetS. The overall proportion of MetS in the recurrence arm was significantly higher than in the no-recurrence arm (58.3% vs 44.2%, P=0.001). Univariate predictors of AF recurrence are detailed in and as a category variable). The other MetS components did not differ significantly between the recurrence and norecurrence arms. All other factors, including age, gender, AF duration, structural heart disease, DM, left ventricular end-diastolic diameter, left ventricular end-systolic diameter, left ventricular ejection fraction, angiotensin-converting enzyme inhibitor/angiotensin-receptor blocker, statins, and fenofibrate, were not differently associated with patients that experienced an AF recurrence and those that did not. 
Multivariate Predictors of AF Recurrence
After adjustment for AF duration, AF type, left atrial diameter, left ventricular end-diastolic diameter and ablative strategy, MetS was an independent predictor of AF recurrence (hazard ratio =1.64, 95% confidence interval (CI) 1.07-2.49, P=0.022). However, none of the 5 MetS components stood as independent predictors of AF recurrence in the same model ( Table 3) . When BMI was considered as a continuous variable, it was not found to be an independent predictor of AF recurrence (hazard ratio =0.99, 95%CI 0.95-1.04, P=0.686). Besides MetS, nonparoxysmal AF was an independent predictor of recurrence in the same model, with a hazard ratio of 1.57 (95%CI 1.15-2.14, P=0.004). The other variables, including AF duration, left atrial size, left ventricular end-diastolic diameter and ablative strategy, were not independent predictors of recurrence. Sub-analysis in nonparoxysmal AF showed that MetS (hazard ratio =3.05, 95%CI 1.25-7.44, P=0.014), but none of its components, was an independent predictor of AF recurrence. However, neither MetS nor its components stood as independent predictor of recurrence in paroxysmal AF sub-analysis.
Procedure Outcome and Complications
There were no differences in procedural time or fluoroscopy time between the MetS group and non-MetS group (mean value: 175±41 min vs 172±39 min, P=0.390; 37± 8 min vs 36±8 min, P=0.122, respectively). Also, no difference in the percentage of pulmonary veins isolated was noted between the MetS group and non-MetS group (94.1% vs 96.1%, P=0.247). Of the 99 patients who underwent a re-do procedure, 91 had pulmonary vein reconnections. Major procedural complications occurred in the MetS group with pneumothorax (1 case), cardiac tamponade (1 case), stroke (3 cases) and pulmonary vein stenosis (1 case), while cardiac tamponade (3 cases), cardiac arrest (1 case), stroke (1 case) and pulmonary vein stenosis (3 cases) occurred in the non-MetS group. The major complications rate did not differ between the MetS and non-MetS groups (1.86% vs 2.42%, P=0.621).
Discussion
Main Findings
The main results of this study are as follows.
(1) MetS and AF commonly coexist. In our study population, 49.4% of patients who underwent AF catheter ablation had MetS. (2) We provide evidence that MetS diagnosed before a first AF ablation procedure stands as an independent risk factor of AF recurrence. (3) Among the 5 components of MetS, AF recurrence occurred mostly in patients with BMI ≥25 kg/m 2 on univariate analysis. However, none of the 5 components of MetS stood as an independent predictor of AF recurrence on multivariate analysis. Here, the impact of MetS diagnosed before an index catheter ablation procedure was found to significantly decrease the post-ablation success rate. Thus, we propose that, together with nonparoxysmal forms of AF, MetS should be considered as an independent factor of AF recurrence and of potential re-do procedures. This is especially important considering that most of the AF patients in the present study were symptomatic and that, on this basis, a rhythm control strategy was chosen.
Role of MetS in AF Recurrence After Catheter Ablation
There are several MetS definitions, but it was recently shown that both the International Diabetes Federation (IDF) and updated ATPIII criteria are applicable to the Chinese population. 17 Additionally, it should be mentioned that in our study, obesity was solely defined as a BMI ≥25 kg/m 2 without including waist circumference because this definition of obesity has been validated to well correlate with waist circumference measurement. 18, 19 The Chinese Medical Association Diabetes Branch suggest the BMI cut-off point for obesity is 25.0 kg/m 2 . 14 Noticeably, the proportion of patients with MetS in our study was 49.4%, which stands in contrast with the 20.7% of males and 20.0% of females that are known to have MetS in the general Chinese population. 17 This further emphasizes the importance of understanding better the impact of MetS in patients undergoing an index AF catheter ablation. We found that AF recurrence after catheter ablation increased in MetS patients; however, the costly AF ablation was mostly undergone by wealthy patients who tend to have a higher prevalence of MetS. It might be that the prevalence of MetS was overestimated in this study because of the selection bias.
The exact mechanisms by which MetS affects the outcome of AF catheter ablation remain to be explored. One possibility is that MetS impinges, directly or indirectly, on atrial electrophysiology. For instance, in a work by Kipshidze et al, the dispersion of refractoriness between the right and left atria in MetS patients was suggested to set the stage for AF and type II (atypical) atrial flutter. 20 The extent to which increased AF recurrence could be explained by persistence after ablation, and of individual AF risk factors, such as BMI ≥25 kg/m 2 , has yet to be investigated.
Role of BMI ≥25 kg/m 2 Wang et al reported an association between a larger incidence of newly diagnosed AF in a population with an increased body mass (Framingham Heart Study). 9 The effect of BMI on the outcome of catheter ablation of AF has been reported recently. 21, 22 Cha et al found AF catheter ablation was effective in obese patients, although a weak trend toward a reduced efficacy was observed in the most obese patients. 21 Our finding that BMI ≥25 kg/m 2 stands as a univariate, but not an independent, predictor of AF recurrence is in good accordance with Jongnarangsin et al. 22 Their group reported a 2.48-fold increase in the probability of recurrent AF in obese patients, albeit BMI was not predictive of recurrent AF after adjustment for other clinical variables. BMI was not related independently to the risk of recurrent AF after catheter ablation in the present study. It may be that comorbid conditions, such as left atrial enlargement, are the key variables that promote AF in overweight and obese patients. Also, Wang et al suggested that left atrial dilatation constitutes an intermediate phenotype that could favor AF in this population. 9 
Study Limitations
The principle limitation of this study is that the exact mechanism linking MetS to a higher AF recurrence rate after catheter ablation remains to be investigated. The relationship between inflammation, MetS and AF has been previously explored. 10, 23 Because data on C-reactive protein levels were not available because of the retrospective nature of the study, whether the exact mechanism linking MetS to a higher AF recurrence rate after catheter ablation is mediated by inflammation remains to be investigated. However, Verma et al showed that inflammation indexed by high-sensitivity C-reactive protein was not a predictor of recurrence after AF catheter ablation. 6 There is accumulating evidence of an independent association between obstructive sleep apnea and MetS or its components. 24 Patients with untreated obstructive sleep apnea have a higher recurrence of AF after cardioversion and a higher risk of recurrence of AF after catheter ablation. 22, 25 The role of obstructive sleep apnea was not determined in this study and will require further investigation. In the present study, AF recurrence diagnosis was based upon symptoms occurrence, ECG tracings and Holter-ECG findings. Potentially, AF recurrence rate may have been underestimated because asymptomatic AF episodes may have remained undetected after catheter ablation. 26 In this regard, we followed the recent HRS expert consensus. 16 The additional fact that more patients had DM in the MetS group may have further masked AF symptoms because of potential DM-associated neuropathy. 27 Therefore, this limitation is unlikely to have qualitatively influenced the results presented in this work.
Conclusions
This study provides the evidence that MetS is an independent predictor of AF recurrence after catheter ablation. In daily practice, the presence of MetS should be considered in the evaluation of patients amenable to AF catheter ablation.
